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I. INTRODUCTION

A set of FORTRAN subroutines for contour plotting has been prepared.
These subroutines accept arrays of X, Y, and Z coordinates as input and draw
contours of constant values of Z. The present version has been prepared for
use on the Interdata system located in the Systems Simulation and Development
Directorate of the US Army Missile Command (MICOM) at Redstone Arsenal,
Alabama. The subroutines can be adapted to any other computer installation
having output graphics capability by rewriting certain subroutines which
provide the commands to the output graphics devices. A later section of this
documentation will outline those changes necessary to transfer to another
system.

The source program for the complete set of s11bro1tins is contained in
Appendix A. THe source program is in FORTRAN.

II. OPERATION AND FEATURES

The contour plotter operates by finding the intersection of a plane
parallel to the X-Y plane with a plane constructed so as to pass through
three neighboring grid points. The theory of this operation is presented
in the Theory Section. Since the intersection of two planes is a straight
line segment, the contours are comprised of straight line segments. Clearly,
the smaller the mesh, the more contour detail will be revealed. It is not
necessary that the X-Y grid be uniform or even rectangular.

In normal operations the subroutines will automatically carry out scaling
operations to set up appropriate scale factors. When this mode of operation
is selected, the scaling will be such as to include the maximum and minimum
values of X and Y.

If desired, it is possible to enable an option which causes the plot
to "zoom in" to cover any desired rectangular region. In this case, the
plot scales are automatically adjusted so that the desired region fills the
display space on the output graphics device.

As previously noted, the grid does not have to be rectangular. It should
be noted that sometimes, the use of non-rectangular grids may result in plots
whiich display a skew distortion.

A contour numbering option is available which causes the contours to be
numbered sequentially. If the numbering option is used, it is necessary to
specify a parameter which identifies the number of points on a contour to be
plotted between the numbering. If the number of points between numbering
is given as zero, the contour will be numbered the first time that a point
is plotted and not thereafter. Not all contours need be numbered.

The contour plotting package is not limited In the number of grid points
which may be supplied or in the number of separate value of Z for which contours
may be drawn. However, it must be noted that large arrays of grid points may
make the plotting process very slow. In the present version, the maximum
number of contours which may be labeled is fifty.
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III. THEORY OF OPERATION

The basis for operation of the contour plotter lies in several elementary
geometric concepts. Specifically:

" The intersection of two planes is a straight line

* A plane can be constructed which passes through any

three distinct points in space

" A straight line segment is uniquely determined by its
end point

In actual operation, the plotter works by scanning through the grid
in a columnar manner considering four neighboring grid points. A typical
set of four neighboring grid points is shown in the figure below. This set
of points forms the complex A,B,C,D. In this figure, upper case symbols
represent points in the three dimensional space X, Y, Z and the lower case
symbols represent the projection of the corresponding upper case point onto the
X, Y plane.

Aq
a-

C

In order to plot a contour, the continuous surface in the region of the
complex is approximated by the four triangular plane areas (or platelets)
shown in the figure as ABG, BCG, CDG, and DAG. Points e, f, and g all lie on
the Intersection of the diagonals ac and bd. Thus, the points E, F, and G all
have the same X and Y coordinates as the intersection point g. These coordinates
are easily computed from the coordinates of the projected points a, b, c and d.
Thus,
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(XcYA - XAYC)(XD - XB) - (XDYB - XBYD)( - XA)

XG (Y D- YB) ( XC - XA) - (Yc - YA)(XD - XB)

(XYc - XCYA)(YD - YB) - (XBYD - XDYB)(YC - YA)

G (XD - XB)(YC - YA ) - (XC - XA)(YD - YB)

Using linear interpolation, the Z coordinates of points E and F are computed

as:

(XG - A)2 + (Y2G - A) 2

ZE =~ ZAX+ ZX -ZA)
A+ CZA) (XC XA) 2 + (YC YA) 2

(XG - XB)2 + (YG - YB)

ZF ZB +(Z -Z) G B 2 G B
D B (XD XB) 2 + (YD -YB) 2

The Z coordinate of G is chosen to be the mean of ZE and ZF9 i.e.,

(Z E + z F )

ZC 2

Each of the four platelets (e.g., ABG) is examined to determine if a plane
parallel to and a distance Z above the XY plane will intersect with that

platelet. In order to make this determination, the Z values of the vertices
of the platelet are placed in ascending order. The desired Z value is then
compared to the largest and smallest values of the vertex values. If the
desired value lies within the range, the plane will intersect the platelet.
Further, if the desired contour value is greater than the intermediate point Z
value, the contour plane will intersect the edges of the platelet which connect
the vertex having the maximum Z value with the vertex of minimum value and with
the vertex of intermediate value. If the contour value is less than the
intermediate point Z value, the contour plane will intersect the edges of the
platelet which connect the vertex having the maximum Z value with the vertex
of minimum value and with the vertex of intermediate value. If the contour

value is less than the intermediate point Z value, the contour plane will
intersect the edges of the platelet which connect the vertex of minimum Z
value with the vertex of maximum value and with the vertex of intermediate
value.

The coordinates of the edge intersection points are then determined by a

linear interpolation. Let (Xmax, Ymax Z max), (X nt Yint' Z int), and (Ximi,

Ymin' Zmin) be the ordered sequence of vertices of a platelet. If Z > Zint
then,
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(Z -Zma x)
X =X + ( - X )

max (Z Int  Z ) x int maxi-t max

Y, Y  + -max ( Y )
max (Zint - Z ) int maxmt max

(Z - Zmax)x + mx x - x )
j max (Zm n -m in x) (Xmin max

y. + max (Y Y
max + Tim- Z ) (Ymin maxmm max

If Z < Zin t then

(Z - Zmin )

(int - Zmin) (Xint Xmin )

(it min
(Z Z )

Z- +min-
j in -z ) x mi-n

Zmax min

(Z - Zi)

y =y + (Z -i) Y Y
i min (Zmax - Zmin) max min

A line is then drawn from the point (Xi, Y i) to (Xi, Y )

This process is carried out for all four of the platelets at the end of
this cycle. At this point a portion of the contour is complete as shown by
the line mnop in the figure. The entire process is repeated for each set of
four neighboring points.

It should be noted that a somewhat similar algorithm could be designed
using only two platelets to represent the surface. In this case, a diagonal
would be drawn between two of the diagonal points. For example, the platelets
might be ABC and ACD. This choice of platelets sometimes results in a
skewing of the contours. The four platelet scheme essentially eliminates this
skewing. To the best of the author's knowledge, the four platelet scheme has
not been previously described.
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IV. CALLING SEQUENCE

To utilize the package as a contour plotter, the following FORTRAN
statement must be used:

CAT.L SLICE (ZV,X,Y,Z,M,N,MM,NN,NZ,MS,ZOOM,XLO,XUJP,YLO,YUP,TYPE,TAG,
NTAG,TAGV,NTIMES).

The arguments in this call have the following meanings and characteristics.

Argument Type Dimension Definition

ZV REAL NZ The Z values of the contour to be
drawn

X REAL MMXNN The X values of the grid points

Y REAL MMXNN The Y values of the grid points

Z REAL MMXNN The Z values of the grid points

M INTEGER The number of "columns" in the X-Y
grid

N INTEGER M The number of grid points in each
"column" 2

M INTEGER The maximum number of "columns" in
the grid 3

NN INTEGER The maximum number of "rows" in the
grid3

NZ INTEGER The number of contours to be drawn

MS INTEGER If the zoom option is not selected

and if MS=l, automatic scaling of
the grid will occur.

ZOOM LOGICAL If ZOOM is true, the ZOOM option is
selected

XLO RFJA Minimum X value of the plotting
window

XII REAL Maximum X value of the plotting
window

YLO REAL Minimum Y value of the plotting
window

Iff not a simple variable.
2Each "column" need not have the same number of points.
3Variable dimension statements are utilized for several variables.
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Argument Type Dimension1  Definition

YUP REAL Maximum Y value of the plotting
window

TYPE INTEGER NZ Sets the type of line to be drawn
for each contour. Permissible
values are 'LINE', 'DASH', 'DOT'

TAG LOGICAL If TAG is true, the contours specified
in TAGV will be labeled with their
contour number the first time a point
is plotted in the window and every
NTIMES points thereafter.

NTAG INTEGER The number of contours to be tagged

TAGV INTEGER NTAG A vector containing the contour

numbers of the contours to be tagged
2

NTIMES INTEGER The number of points plotted within
the plotting window between labeling
of the contours. If NTIMES = 0, the
contours will be tagged at the first
point plotted only.

The first use of subroutine SLICE or any of the other subroutines which

utilize output graphic pen motion must be preceeded by the following two calls:

CALL INIT

CALL DEVICE (NDV)3

Successive calls to SLICE should be separated by

CALL PACE

which erases the screen. A call to subroutine COPY

CALL COPY

causes a hard copy to be produced.

'If not a simple variable2Not all contours need be tagged if the tag option is selected.
3The device number NDV is dependent upon the output graphic device being
used: NDV - 1 for HP2648 Terminals

NDV - 2 for TEK4006 and TEK4051 Terminals
NDV - 3 for TEK4014 Terminals
NDV - 4 for TEK 4662 Flat Bed Plotter
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If this package is to be adapted to another computer system or graphics
package, it will be necessary to rewrite certain subroutines. These subroutines
provide basic graphics operations such as pen motion, etc. In the paragraphs
to follow, these subroutines and their functions are described.

SUBROUTINE UWINDO (XLO,XUP,YLO,YUP)

This subroutine should set the upper and lower bounds on the X and Y

coordinates of the display window. These values are respectively XUP, XLO,
YUP, YLO. Note that these values are in virtual units, i.e., number being
plotted, and are not meant to be physical distance units on the displav.

SUBROUTINE UMOVE (X,Y)

This subroutine causes the pen to move from its current location to a
point having virtual coordinates X,Y. This pen movement is accomplished
with the pen "up", i.e., no line is drawn.

SUBROUTINE UPEN (X,Y)

This subroutine causes a line to be drawn from the current pen position
to the point having virtual coordinates X,Y. If any portion of this line
occurs outside of the display window, that portion of the line should be
visible.

SUBROUTINE UPRNTI(N,B)

This subroutine causes an integer number N to be printed at the current
pen location. If that point is outside of the display window, the printing
should be invisible. The argument B is a dummy.

SUBROUTINE USET(A)

This subroutine is used to define the line type that is to be drawn for
all subsequent calls of UPEN until changed by another call of USET. If
A = 'DASH', the line is a dashed line. If A 'LINE' a solid line is drawn.
If A = 'DOT' a dotted line is drawn.
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$BATCH
SUBROUTIo'E SLICE(ZV.XX.*YYsZZ.M.N.NM.NN.NZ.MS.ZOOE.XLO.XUP
Y LO). Y J. IPF. TAG. NTAG. TAGV N TINES)
LOGICAL ZUM.TfAG.NFTAG
U1IMFNSION XX(MM.NN),YY(NN,NN) .ZZ(NM.NN).N(M) .X(3).Y(3).Z(3I

INTEGCJ4 TYVfd(NL),TAGV(NTAG).mTAG(5u)

* THI1S SUHR4UU1II,4F LRArS A CONTOURH MAP FOR THlE Z COMPONENTS
031C14ESPJNDING TOI A A SET OF M~ESH POINTS. T14E 14ESH DOES NOT

II HAVE 'IU bL. PECTANGIIUAH. IF 17 IS DFSIRED TO SEE UP APPRUPRIATE
II SCALE FACTORS, ' S S40ULD RE. I
It ZV IS A RRAY C.JwTAINItJG fHE VLIES OF Z FOR WHICH CONTOURS II

$ APE Dlt-L, 41
ie Iz o4:=. rko.. . r~4v o-IFLvl UE VIF* WILL H4E ZOOMED IN ON THE *

II Rt-.CTANGULAR AREA SPEtCIiEd. "~Y X1U.XLI.Yf,OY1UP. IF .NOT.ZOUM 0
10 AL,1.AUIP Lr?,xfJP *.b,L. RETURN THE !NFAT! VALUES COMPUTED FOR

* CSCALE s
$ t-1 b~~o Aw At ttit 'AAXIMUM 0lMENSIONS OF THE DOUBLE SUBSCRIPTED*

II VAAeLES AS UIk' IN CHiE ORIGINAL ASSoLOTiE DIMENSION STATEMFNTS
* TH4E I-vLFEk vtCl'ok !fYPEI IS USIED TO SET THE LINE TY~PE FOR EACH*
* CitNIUUW. It- tHiE LlovE T"YPES ARF NOT SPECIFIED. rHEY DEFAULT TO *
* SOLID LItb. rti,. D)ASH LENGTH AND SPACE LENGrH ARE SET AT .0366 *
* JIIS. TkPtS A'vAJ(-,AI.LE INCLUDE 1LINEl.'DOT,1DAS4'.S

If 11*AG'=.TkoE. , IH CO)NTURS SPECIFIED IN TAGV 4ILL BE TAGGED*
41C .,Ig.£Ik C.V1tU'R W11itbER THE FIRST TIMF' THE CON'TOUR APPEARS 41

IF 1,4 [H .. j(t TnF ;.I~lmk!k (IF CONTIJURS TO HE TAGGED IS NTAG
II 'V-E AillAIMU- vLJMtr4 tit CUHVhS THAT CAN OF' LSELI A14N THE TAG

upDjvjJs IS skFi,FCrF1) Is b('.II
* t rg.rAGGEU CU'cUU-4S wILL 91E mAHNEL THE FIRST T114E THAT A
* RJIoT 0' ftOAl C1',VT.U, IS PL~i'TFV wITHIN THE wINDOW AND EVERY

* VE4sIO'. 7.f 7/10i/8011

Ig 5;e f F7- T A G ~ f 5 A .(, Vi ( L F'

1b3 cum 114U

150 cu- r1'WE
CA.Lb UPtSET( I 50DASH 1 .12.)

IF(ZUOm) CAlL.'I'0(L.A''YL.tP

0~~Gi fuu 51-*..

XLauX)CC.J)
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*4 ~ ttl.r' . I A X I t

AiL)~ ~ .. ~ AI.IXA(KI. JJ

51'~ LI' I jU,

~ A t k A OV L4 1,1 YW V

r1), I +

1y 4) j 4js 1.

iY I is II I.3. I

I .l=rt ( i)*( I I

YCZ(IX()$l'Y(41-fX45*iYU2)*Y31.(TX(tl*TY(3)-X(3)*TY(1))
* Y 4?2) /vEN,'U

'A31*XAI~vAI*V31)2
ZC2=T'()(TZ(4)-IZU)*STU*( (C-TX(2)*.(C-TY(2))$$2)/
(X42*A,144*4,fl
ZC=CZC1.LCl)1/2.

4(7:=JZ(L I

10 1 XT f t L, ).

L Fd t f, O.,At) :r,40

Y3)=I(l,+I J,

(.1 TO 4)j
4w 1 Yt 3)=i1)

At 3)21 I (1)

4U2 CALL bi'3T Xa1.4.KP.VP.ZP)

116 CIPL(K) .w.iu 1jI'') CALL UPSET( ISETOASH .91.)
CALL 1Iv'rLIk(?,Vtk ) XPV.PTP.K TGNWA()KN1ft5tTGK
.LI) LX, I)I * ILU. XUP. YLU.TUP .ZUOIAI

1[(l').J'LU'I')CALL UIPSEV(SMTASH0.12.)

4'h' CUN f INEde
40v CUNT lI U

SlibROUTiNE IM1ER(.V ,XT.Z,?YPC.TAGNEWAG,NTAG.NPYS.NPTS.
I)CLXvl)ELT * AU,9UP,YLO.YUP*Z0OM)
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LOGI CAL TAG.*NETAG * I.ZU *~UM

II rrilS SihI'-tui~t IS CALLF:O RY SLICE AND) DRAWS THE LINE REPRESENT*
ING 2kr- VtESt'CTIt'N LIE it MkIITAL PLANE AND THE TRIANGULAR 0

* FLANE RFGitU'j
* 1 SIU. - .3 70/l

1,VI:~t.'~~.TZ() (0 Tit 100
I' IJLJ.Ll.ZI II) au Til 100
11 *~lE.4.~!*'IXI? (.ALL LUS61'ITYPI)

~. .~j~ CAIAl JSiP..I( 1ASHl)

Ii'IL~'. *A.~'*" I TI~ I T' 2u V 0

2b 5 (:.IL4L J V tX 4 It 4
1 U .GI .'I GIl Il 0

Gn 1()' 301

I k . NU f. 1%L, I P C ALL ULP ,N(.s
Iu'i CklmT 1m J E

Hc: IUkh
20 o lF4 . LE .d 4 (i GO' WC 2 U)I

(;u TO 203

t;,] TO) 203

Y4'V I1
X SZA k~

t b=Y (2)
IL~ I 2112

AS=X (3)
Yb,=Y (3)

21)2 CALuI, 1~(x.4)

25o 1F(X4.GI..XUO.Anf. X4 .LL.XU.).AND.i4.,;E.YLU.A4O.V4.LE.YUP)
%;U lu 25~1

251 1lS.Q..I.NPTS.FU.NPTSl GO TOl 253

61. TO 2sl

Ii(IUPTS.J.uj Nk 0rAGm. FALSE.
CALL. USIEr('IANe')
CALL UIMav&( A4 * 4DkL.V)

XhmX4
YouY4-UELf
X7uX4
V7sY4+DELY
CALL CII( Eb, 6.A7.Y ?.XLO.XUP.?LO.YUP.KLIP) .
lFC.NULK1P) CALL UPEN(Volt7)
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CALI, U4OVE(X4-OeLX.V41
XbUX4-OELX

Yb=Y4
X7aX4.DELX
CALL CLLP(Xb. Y4.X7 Y7,ALOXUP,YLO.YUP.KLIPI

CALL UPRNT1 (NTA!,, '1NTEERNUmiiEiiL*
IF(TYPE.C.'uT'.#.YE.C(J.OASH') CALL USET'ODASH')
Ir(TYPE.EQ.DAS41) CALL UPSETt'SETDASHI.12.)
IF(TYPiE.E.100T11 CAL~L uPSLT(ISFTOASHO.92.)
GO TUi 252

SUBRIOUTINE Siokl'3(XX.IYZZ.X.Y.Z)
DIMENSION XX( 3i.rl(3),ZZC3).X(3).Y(3).Z(3)

* TH4IS SUBRt'uTi-ii. IS CALLED OfY INIER AND SO~rS A SET OF THREE
* POINTS INIu A.sCENUING ORDER BASED ON THE Z VALUES 0
* VERSION 1.0 5/16/80 0

DOJ 31 181.)
XC1)ZXX(I)

31 CI )XYY(I)

DO 2 J=hI.2

00~0 1O Iz

Z()=(I+)

Z(1~lz( 141
A( I )=i C 1+

I'Cl+1)zouo~y
I C~lr TLA] E

2 1F(Z(i).LF.Z(2).A4U.Z(2).Le.ZC3)) GO TO 3

4 FuI~iAT(//,. ERRORH UETECTED IN SUk4WUUTIN. SOtRT'//3(3(2X.Cl5.vjij

SiURRUUFLU CSCALE(X.Y .M,NMM.~N.XL0U.XUP.YLUbI.YUPI
DIMENSION X(Mi.NN) .Y(4m.NN) .N(P)

* THIS SUbkuTlNC~ IS CALLED MY SLICE AND SETS UP ?4E PL.OTTING
* INl)0a IN VlWrUAL SPACE

0 VERS1UN 3.0. 6/24/80

rY CV(t.4J(1 .Gf.YAAX) YMAZY(I.N(Ifl

I CnNINUCA

IlU 2 181,m

2 COR I I NUE
XMINSX( 1,1)
AMA XA C N.)
CALL NCAT(XmAX.Am1N.AUIF.XL()l)
CALL hEATtYNqAXYft1NYUPYLUW)
CALL UwtNOOCXLOW.AlJP.YLO*,YJP)
RETURN 1
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IF~x4.XUkj.Atq.I.GT.XUP) Gfl To 999

jFlY4.Ll.TLtI.At!U.%.LT.VLO) GLI TO 999

IFf.TYPAhV.lVP GOJ TO 999

IFC.E4.LT.AIU.AwIJ).A!.GI.ALU) G.I) TO 10
LF(X4.GT.XahP.AftD.X~.bvLT.XUP) GO TO 20

1iF(x5.LT.ALCi.A..V.A4.GT.ALO) Go TO 30

IASJ(.6i.AIJ.Af4D.X4.LT.XUP) ($) JTO 40
lF(4.L.Vl0.~l)fS.T~fO)GOu TO SO

lF(Y4.ur.VUP.A'NO.VS.LT.VkOPJ fO TO60

1F(Y5.Lr.lL1O.ANO.V4.GT.VbO) GO Ta 70

lF(V5.GT.'XLP.AhD.Y4.L.T.YUP) GO TO 00

I( XT=ALIO
'TSY44 Y-Y 4)4 £I,I1.X4)I/ (X5-X4I

GO TO 100
20 XT=AL'P

X4mXT

TO'O 100'

xsix

k;L ju I
40 Y = X1

0 1

(;- 'jO IO
60i Y'Ci~LU

GA .=O Ij

60 Y'u=y:jI'

X T' + 4

Y'bg IT
cGLJ TO I')

81) YT=luIl

"0. TO I
200 CALL, um.V(X4.V4)
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